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Abstract 
This project worked in collaboration with Downeast Cider House to analyze trends of total              
package oxygen (TPO) in cans of Downeast original blend hard cider. TPO values were              
calculated by directly measuring dissolved oxygen and using Henry’s law to indirectly determine             
headspace oxygen. Statistical analysis showed that, of the ten fill heads in the packaging process,               
fill heads 2 and 5 produced significantly higher TPO values. Cans from fill heads 2 and 5 had                  
average TPO values of 3.3 ± 0.8 ppm, while the remaining cans had average TPO values of 2.2 ±                   
1.0 ppm. Headspace volume did not vary significantly between fill heads or significantly impact              
TPO values. The composition of headspace, affected primarily by the nitrogen purge line in the               
packaging process, appeared to largely impact TPO. 
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1. Introduction 
The hard cider industry is on the rise, with the market expanding at a rate multiple times higher                  
than that of beer, wine, or spirits. The market growth is primarily driven by a younger consumer                 
demographic, and there is a growing number of craft hard cider makers across the country               
looking to join the prosperous industry.​1 Among these craft hard cider makers are Ross              
Brockman and Tyler Mosher, who entered the market in 2011 by founding Downeast Cider              
House. Downeast is based in Boston, Massachusetts and emphasizes its natural, unfiltered cider,             
setting itself apart from other popular brands.​2  
 
A critical part of the hard cider making process is fermentation, where yeast convert the sugars                
from the initial apple juice into alcohol. Multiple types of fermentation can occur during the               
cider making process, and some are detrimental to the quality and taste of the cider. To control                 
the types of fermentation that occur, the amount of oxygen in the cider must be controlled.                
Oxygen is required for fermentation, but can negatively impact the quality of the cider if present                
in too large of an amount. Excess oxygen can be inadvertently introduced into the cider during                
both production and packaging, and must be reduced to maintain the desired quality and taste of                
the cider. 
 
Total package oxygen (TPO) is a measurement that allows for the control of oxygen levels               
within the final product. It is the total amount of oxygen with the package, including both the                 
headspace and the liquid. A common method used to measure TPO is to directly measure the                
dissolved oxygen in the liquid, and use this value along with temperature and headspace volume               
to indirectly calculate the oxygen within the headspace. In the beer industry, oxygen has a               
greater effect on the quality of the product, and TPO levels are kept below 100 ppm.​3 Hard cider                  
is able to withstand a larger amount of oxygen than beer before spoilage occurs, which allows for                 
higher acceptable TPO levels. However, the industry has not yet established a maximum             
allowable oxygen concentration.  
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In order to ensure the highest quality cider and continue to grow in an expanding market,                
Downeast Cider House wants to evaluate the total package oxygen of their cans and the               
effectiveness of each fill head in the packaging process. Currently, Downeast does not have a               
process in place to test TPO within cans of cider. The goal of this project was to develop a                   
repeatable method for measuring total package oxygen and use this method to provide Downeast              
with scientific data regarding TPO levels within cans of Downeast original blend hard cider. In               
addition, the scientific data was used to evaluate the fill heads within the Downeast packaging               
process and identify any differences in filling capabilities.  
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2. Background 
2.1. Downeast Cider House 
Downeast Cider House is a craft cider company that was founded in 2011 by Ross Brockman                
and Tyler Mosher during their senior year at Bates College in Lewiston, Maine. The founders               
were determined to create a freshly-pressed, unfiltered cider that, as stated by Brockman, did not               
have ​“that over-processed, super-filtered, boxed-apple-juice” taste found in other hard ciders.​4           
To accomplish this, Downeast Cider House established a policy of “no shortcuts,” meaning that              
the company only uses fresh pressed juices and natural ingredients in its cider, no matter the                
cost.​5 This policy has become the foundation for the company, with “unfiltered” being             
specifically emphasized on its packaging.  
 
2.2. Cider Fermentation 
Fermentation plays a critical role in the making of hard cider. Different types of fermentation               
occur in hard cider starting at production and continuing during packaging, and include alcoholic              
fermentation, malolactic fermentation, and acetic fermentation. Alcoholic fermentation is         
accelerated once yeast is pitched into a batch of cider. Since the cider industry is relatively new                 
compared to the beer and wine industry, most of the yeast strains used are those used in wine                  
making, such as ​S. cerevisiae, bayanus or ​uvarum​.​6 Yeast strains can be chosen based on a                
number of characteristics specific to either the brewing conditions or the desired outcome of the               
cider. Some characteristics of yeast are those that have a high alcohol tolerance, a certain               
temperature tolerance, or a certain conversion of sugar into ethanol. Whichever the yeast, the              
sugars will be converted to ethanol, and carbon dioxide will be produced according to the               
following reaction: C​6​H​12​O​6​ → 2 CO​2​ + 2 C​2​H​5​OH.  
 
In addition to alcoholic fermentation, there is also malolactic fermentation, which is most             
commonly the result of ​Lactobacillus and ​Oenococcus bacteria. ​7 This fermentation, following            
the reaction ​C​4​H​6​O​5 → CO​2 + C​3​H​6​O​3​, converts malic acid into lactic acid and reduces the                
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overall acidity of the cider, leaving a smoother taste.​8 Both alcoholic and malolactic fermentation              
are beneficial in the process up until a point. Excessive alcoholic fermentation can cause the               
cider to be too dry, while excessive malolactic fermentation can reduce the acidity of the cider                
too far and produce an undesirable taste. 
 
2.3. The Role of Oxygen During Fermentation and Storage 
Oxygen is a necessary nutrient in the fermentation stage of cider making, as it is essential for                 
proper yeast growth. Yeast use oxygen in the synthesis of sterols, which are lipid membranes               
that help maintain cellular fluidity and permeability and enable the yeast cells to grow and bud.                
Without oxygen, the yeast are unable to synthesize sterols, which halts budding and growth.​9              
Once the yeast have used the oxygen to obtain a sufficient growth in numbers, anaerobic               
fermentation begins to take place due to the lack of oxygen, and ethanol forms through alcoholic                
fermentation as mentioned above. With ethanol present in solution, acetic fermentation is able to              
occur and is almost always undesirable. During acetic fermentation, ethanol is converted to             
acetic acid, or vinegar, producing an undesirable taste as well as reducing the alcohol content of                
the cider. Acetic fermentation occurs most commonly by the ​Acetobacter bacteria through the             
reaction C​2​H​5​OH + O​2 → CH​3​COOH + H​2​O.​10 While alcoholic and malolactic fermentation             
occur without oxygen, acetic fermentation requires oxygen, which is why efforts are taken to              
reduce oxygen as much as possible in fermented beverages.​11 
 
During the production of cider, there are procedures in place to minimize the contact of oxygen                
with the cider. This involves transferring the cider between the different tanks through tubing so               
as not to allow contact with air, and pressurizing the holding tanks with nitrogen rather than air.                 
Precautions are also taken to reduce the presence of spoilage bacteria, yeast, and mold from               
overpopulating the cider, and include the general sterilization of all equipment, the pasteurization             
of the cider, and the addition of sulfites which inhibit growth.​12 Since the formation of acetic acid                 
involves both the bacteria as well as oxygen, reducing either one aids in preventing the reaction                
from occurring. 
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2.4. Oxygen Introduced During Packaging 
While a portion of the total package oxygen is dissolved in the cider itself due to production,                 
additional oxygen is introduced to the can during its canning process. Downeast’s current             
canning line operates with two lanes of empty cans. As a can progresses through a lane, it is first                   
purged of oxygen by a fill head that enters the can and fills it with nitrogen. Then, the can moves                    
down the lane to second fill head that fills it with cider from the bottom up, pushing the nitrogen                   
out of the can. As can be seen in Figure 1, each lane fills ten cans at a time: five with nitrogen                      
and five with cider.  
Figure 1: One lane of Downeast’s canning line. 
 
Every fill head in a lane draws cider from the same pipe, as shown in Figure 2 below. As cider                    
flows through the pipe, a portion of the cider is piped into each fill head. The pressure of the                   
cider in the pipe decreases after each fill head draws cider, creating unequal pressures of cider                
exiting each fill head. This means that cider will flow through each fill head at different flow                 
rates, and the allowed flow time of each fill head has to be adjusted accordingly to dispense the                  
correct amount of liquid. At Downeast, each fill head is set to a different flow time to                 
compensate for this difference in pressure. 
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 Figure 2: Cider flow into fill heads of a canning line. 
 
Once cider is inserted into the can, the tube of the fill head is removed. This causes the cider                   
level to drop, which allows air to fill the vacant space in the can that the tube left. This air,                    
including oxygen, is then packaged into the can when it is sealed, which may increase the                
oxygen levels within the can. 
 
Next, each lane moves the filled cans under an arm that places a lid onto the can and then                   
through a machine that seals the lid onto the can. Due to the setup of the canning line, only one                    
can per lane is capped and sealed at a time, meaning that some of the filled cans are open to the                     
air for longer than others and have a longer distance to travel along the lane to get sealed. This                   
may contribute to higher oxygen levels in certain cans. 
 
In addition, the canning line as a whole moves quickly, and cans are often jostled as they are                  
filled, moved, and sealed. If a can is jostled while open and carrying cider, the cider levels will                  
become non-uniform and any remaining nitrogen may be pushed out of the can, allowing              
additional air to enter the can. This could contribute to higher oxygen levels as well. 
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2.5. Measuring Total Package Oxygen 
Total package oxygen (TPO) is the total amount of the oxygen within a packaged product, which                
in the case of this project is a can of cider. TPO is an important measurement in the beer, wine,                    
and cider industries as it measures the total amount of oxygen that is able to react with the                  
product and potentially affect its quality. The amount of total package oxygen depends on four               
main variables: dissolved oxygen, headspace volume, liquid volume, and temperature.​13  
 
TPO includes both the oxygen dissolved in the product and the oxygen in the headspace of the                 
package. The equilibrium between gas-phase oxygen molecules in the headspace and the            
liquid-phase oxygen molecules dissolved in solution can be represented by Equation 1 below.​14 
 eatO2 (gas) ↔ O2(solution) + h  (1) 
Oxygen molecules in the gas phase have more kinetic energy than oxygen molecules dissolved in               
solution, and when the molecules from the gas phase dissolve into solution they release the               
excess kinetic energy as heat, shown on the right side of Equation 1. According to Le Chatelier’s                 
principle, when heat is added and the temperature of the solution increases, the backwards              
reaction is favored and oxygen molecules come out of solution. This means that when              
temperature is increased, the solubility of oxygen molecules in solution is decreased.​15  
 
Henry’s law is a gas law that can be used when the molecules in the gas phase are at equilibrium                    
with the molecules dissolved in solution, and is critical in the determination of TPO. Henry’s law                
states that at a given temperature, the amount of gas dissolved in a given amount of solution is                  
directly proportional to the pressure of the gas above the solution. This relationship is shown in                
Equation 2 below, where ​X​O2 is the solubility of oxygen in the cider, ​H is Henry’s law                 
coefficient, and ​P​O2​ is the partial pressure of oxygen.​15 
 XP O2 = H O2  (2)  
When using Henry’s law to measure TPO, the concentration of oxygen dissolved in the product               
is measured using a dissolved oxygen (DO) meter, and the value of Henry’s coefficient is               
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determined based on the temperature of the can. These two values can then be used to calculate                 
the partial pressure of oxygen within the headspace. This pressure can then be converted          bar[ ]      
to moles of oxygen using the ideal gas law, Equation 3, with a known headspace volume ,                L[ ]  
temperature , and .K[ ] .0831R = 0   
nO2 = RT
P VO2 HS (3) 
The resulting moles of oxygen can be easily converted to mass using the molar mass of oxygen.                 
The final value for TPO is the addition of the amount of oxygen in the product and the amount of                    
oxygen in the headspace. 
 
In order to use Henry’s law, the gases in the headspace and product must be in equilibrium. To                  
achieve equilibrium, the can must be shaken for a minimum amount of time, which is dependent                
on temperature. When the cans are at rest, there is a greater concentration of oxygen molecules                
dissolved in solution than in the headspace of the can. As shown in Equation 1, oxygen has a                  
lower solubility in solution at higher temperatures, meaning that there is less dissolved oxygen              
and more oxygen in the headspace than at lower temperatures.​14 Therefore, at higher             
temperatures, the can requires less shaking to reach equilibrium. For packages at room             
temperature, shaking the can for approximately three minutes allows for equilibrium to be             
reached. However, if the temperature of the can is colder than room temperature, the can needs                
to be shaken for approximately five minutes in order to reach equilibrium, and should be shaken                
continuously until dissolved oxygen is measured.​13  
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3. Methods 
The goal of this project was to develop and conduct a repeatable procedure that accurately               
measures total package oxygen within cans of Downeast original blend cider, and use the              
collected data to evaluate the fill heads of the packaging process. The following is a list of                 
objectives created to assist in the completion of the project: 
 
1. Achieve a full understanding of the packaging process to effectively organize and prepare             
the testing material 
2. Develop and conduct a repeatable testing method to accurately measure dissolved oxygen            
within the cans 
3. Derive calculations using Henry’s law to convert dissolved oxygen measurements into           
total package oxygen 
 
3.1. Understanding and Preparation of Testing Material 
An important first task of the project was to familiarize ourselves with the Downeast packaging               
process. During our first visit to Downeast, we received a tour of the facility from Tyler Mosher,                 
who walked us through the cider making process. In following visits, we focused our attention               
on the packaging process and spoke with additional employees about the individual steps that the               
process involves. During the process, empty cans are carried to the filling area by a track that                 
flips the cans upside-down to remove any debris that may have entered the can. The cans arrive                 
at the filling area in two rows, entering two fill lanes. As shown by Figure 1 above, each of the                    
two fill lanes fills five cans at a time. The five cans are simultaneously purged with nitrogen,                 
then moved forward and simultaneously filled with cider. The two lanes are identical in their               
filling process, and operate at alternating intervals.  
 
To effectively evaluate the relationship between total package oxygen and the individual fill             
heads of the packaging process, cans were collected in batches, which are the sets of five that are                  
filled simultaneously in each fill lane. The cans were then placed into previously labeled boxes,               
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with the two fill lanes numbered lane 1 and lane 2, the fill heads in lane 1 numbered 1-5, and the                     
fill heads in lane 2 numbered 6-10. Also while collecting the cans, slow-motion videos were               
taken of each fill head to further evaluate the process. The videos were later compared to the                 
final data to determine if any small differences in the filling process for each fill head affected                 
the total package oxygen.  
 
After the cans were collected, each can was individually weighed, and the weights were recorded               
on a spreadsheet. The weights of the cans were used to calculate the volume of cider and the                  
volume of headspace within each can. To do this, we first used an empty can to determine the                  
weight and volume of the can. The total weight of an empty can was simply determined by                 
weighing the empty can with its lid. The total volume of the can was determined by filling the                  
can completely with water and pressing down the lid to fill the can with as much water as                  
possible. The water-filled can was then weighed, and the weight of the empty can and lid were                 
subtracted from the total weight to determine the weight of water within the can. The density of                 
water at room temperature was then used to convert grams of water to milliliters of water,                
therefore determining the total volume of the can in milliliters.  
 
A similar method was then followed to calculate the volume of cider and volume of headspace                
within each can. First, the weight of the empty can was subtracted from the total weight of each                  
filled can to determine the weight of cider within the can. For most ciders and beers, density is                  
assumed to be equal to that of water.​16 The density of water ​can be calculated based on the             [ gmL]       
temperature of the can  using equation 4 below.​17K[ ]  
ρ = exp[ ]T
−0.589581−( )T
326.785−45284.1  
(4) 
Using the temperature of the can at the time of testing, we calculated the density of the cider and                   
used it to convert the weight of the cider to volume. To determine the volume of the headspace,                  
this volume of cider was subtracted from the total volume of the can. A sample volume                
calculation can be found in Appendix A. The headspace volume in each can is a crucial                
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measurement in the calculation of TPO, as it is used to directly correlate the amount of dissolved                 
oxygen to the amount of oxygen in the headspace. 
 
Sets of cans were collected five times over the duration of the project, with each set containing                 
batches of five cans that were filled simultaneously in each fill lane. The first set was our initial                  
approach to the procedure, and was a trial-and-error round. During the first set, the cans were                
collected from the packaging line, placed into labeled boxes, and weighed as described.             
However, the temperatures of the cans were not regulated throughout the testing process, as the               
cans were initially exposed to the natural environment and allowed to warm and cool multiple               
times before being placed into a refrigerator. After the first set, it was identified that the heating                 
and cooling of the cans may have had an effect on TPO measurements, as oxidation reactions                
occur faster at warmer temperatures. This may have caused the amount of dissolved oxygen              
within these cans to be falsely low. For the following sets, the cans were immediately put into a                  
refrigerator to help maintain the cans at a cold temperature and produce more accurate TPO               
measurements. 
 
3.2. Development of Repeatable Testing Process 
When researching the best methods to measure TPO, we initially found an instrument produced              
by Hach that directly measures oxygen within the headspace of the can using a unique gas                
extraction and piercing system that ensures no container leakages.​18 However, the cost of the              
instrument exceeded our budget, which left us in need of a method that indirectly measures               
oxygen within the headspace. After continued research, we found that we could directly measure              
the dissolved oxygen in solution and use a formula to determine the oxygen in the headspace,                
therefore allowing us to determine the total package oxygen in a can. In order to accurately test                 
the dissolved oxygen in the can, two main requirements needed to be met. First, the testing                
apparatus needed to be sealed so that no oxygen could enter or leave the system. Second, the                 
oxygen within the headspace and solution needed to be in equilibrium during testing so that our                
measurements would be indicative of an unpunctured can. Thus, after analyzing several different             
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dissolved oxygen meters and discussing different designs, we decided to use the piercing             
apparatus and dissolved oxygen meter at Downeast, seen below in Figure 3. 
 
 
Figure 3: The dissolved oxygen meter connected to the piercing apparatus. 
 
These combined devices met our above requirements of both preserving the oxygen in the              
system as well as preserving the equilibrium of oxygen in the can. The apparatus holds the can                 
securely in place and has hose hookups for entering nitrogen (blue tube) and discharging cider               
(clear, yellow tube). The piercer, seen in image 1 of Figure 4, is able to puncture the can. A                   
needle inside the piercer, seen in image 2 of Figure 4, is then able to drop to the bottom of the                     
can to ensure only the cider is drawn up during testing. Between the piercer and the needle,                 
nitrogen is pumped into the can at roughly 30 psi. The pumped nitrogen creates enough pressure                
to push the cider up through the needle and into the dissolved oxygen meter, as well as to prevent                   
the dissolved oxygen from bubbling out of solution and disrupting the oxygen equilibrium. The              
apparatus also has a rubber stopper surrounding the piercer, seen in image 3. This stopper, able                
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to withstand the 30 psi requirement, acts as a seal to ensure that no air is exchanged between the                   
surroundings and the system during testing. The stopper also completely covers the piercer to              
maintain the seal during piercing and to prevent cider from spraying out of the can. 
 
 
Figure 4: The highlighted components of the piercing apparatus; Image 1-3 from left to right.  
 
Before the solution can be tested, the can must be shaken to reach equilibrium. In our initial                 
approach to testing used for the first set of cans, we shook each can for forty seconds before                  
piercing it with the apparatus. In our revised approach used for the remaining sets, we shook                
each can for five minutes.  
 
In order to test the dissolved oxygen, the following steps were performed for each can: 
1. Shake the can for the time duration noted above for each approach. 
2. Secure the can in the piercing apparatus. 
3. Turn the nitrogen valve to allow the gas to flow. 
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4. Ensure the valve on the dissolved oxygen meter is slightly open to allow a slow stream to                 
exit. 
5. Lower the lever to seal the piercer and the piercing spot on the can with the stopper. 
6. Insert the needle to the bottom of the can, leaving a slight space to allow the solution to                  
easily flow to the entrance of the needle. 
 
3.3. Calculation of Total Package Oxygen 
Using the headspace volume, dissolved oxygen, and temperature data collected for each can, we              
were able to use Henry’s law (Equation 2) and the ideal gas law (Equation 3) to calculate total                  
package oxygen. For most ciders and beers, the Henry’s law coefficient is assumed to be equal to                 
that of water.​16 The Henry’s law coefficient for water was calculated based        bar[ × moles of  solutemoles of  solvent]      
on the temperature of the can  using Equation 5 below.​12K[ ]  
H = exp[ ]T
−3.73106−( )T
5596.17−1049670  
(5) 
The dissolved oxygen (DO) measurement was converted to mole ratio      [ Lmg ]        [ moles of  solutemoles of  solvent]
through the following conversion:  
X = DO×μC
μ ×ρ ×1000O2 O2
2 (6) 
These two values were then used with Henry’s law to yield the partial pressure of oxygen in each                  
can . The amount of oxygen in the headspace of each can was calculated using the bar[ ]      mg[ ]            
partial pressure of oxygen, the ideal gas law, and the molar mass of oxygen. This amount was                 
then added to the amount of oxygen in the cider, which was simply the DO measurement                 [ Lmg ]
multiplied by the volume of cider in the can . The total package oxygen was also put in terms         L[ ]           
of , or parts per million (ppm), by dividing the total milligrams by the amount of liquid in the L
mg                   
can. For a complete set of sample calculations, please see Appendix B. 
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4. Results and Discussion 
Throughout the testing period, five sets of cans were collected on four collection days, with two                
collections being made on the third collection day. The first set of cans, collected on November                
3rd, 2017, was tested using our initial approach. This approach was deemed inconclusive due to               
not controlling the temperature of the cans and not shaking the cans for the time required to                 
reach equilibrium. Therefore, the total package oxygen data for the first set is not included in the                 
following results, but can be found in the graph in Appendix C and the raw data in Appendix D.                   
The results of the remaining sets of data, collected on January 18, January 29, and February 2,                 
2018, are shown in the following sections, where they are first combined to show overall results                
and then separated to show differences between the collection dates. Each fill head is evaluated               
according to TPO calculations and headspace volume to highlight differences in the filling             
process.  
 
4.1. Overall Results 
Figure 5 below contains the total package oxygen results for all tested cans, excluding the first                
set of cans tested with our initial approach. The figure shows that there are large ranges in TPO                  
among cans from each fill head, represented by the large standard deviations around each              
average. However, looking at the averages as a whole, the TPO data from each fill head remains                 
relatively consistent compared to each other, with no one outstanding difference. 
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 Figure 5: Average total package oxygen data for each fill head from collection dates January 18, January 
29, and February 2, 2018. Error bars indicate standard deviation. 
 
Figure 6 shows the headspace volumes for all tested cans, including the first set of cans tested                 
with our initial approach, as the headspace data for this collection was not affected by the                
procedural errors. Similar to the TPO data, the large error bars show that there is variation in                 
headspace volume produced by each fill head. Still, the similar averages and overlapping error              
bars among fill heads show that there is not a significant difference between the headspace               
volumes produced by the fill heads.  
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 Figure 6: Average headspace data for each fill head from collection dates November 3, 2017, January 18, 
2018, January 29, 2018, and February 2, 2018. Error bars indicate standard deviation. 
 
Figure 7 below shows a direct comparison between TPO and headspace for each can tested,               
excluding cans from the November 3rd collection date. While the general trend is that TPO               
increases as headspace increases, the R​2 value showing trendline reliability is only 0.32. This              
indicates that the data is not very consistent with the trendline, as a best fit would have an R​2                   
value of 1. Based on this information, headspace volume and total package oxygen values do not                
appear to have a strong correlation. 
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 Figure 7: Displays the correlation between TPO and headspace for each tested can from collection dates 
January 18, January 29, and February 2, 2018. 
 
4.2. Variations in Data Sets 
Further analysis of the data showed that there were large differences between cans collected on               
different days. This is clearly shown by Figure 8, which displays the same TPO data for each fill                  
head as Figure 5 but separates the data by the date it was collected. 
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 Figure 8: Average TPO data for each fill head separated by collection date. Error bars indicate standard 
deviation. 
 
Figure 8 shows that cans collected on January 18th had significantly higher TPO values for all                
ten fill heads than cans collected on January 29th and February 2nd. However, the same trend is                 
not observed in the headspace data, shown in Figure 9. While the headspace from each fill head                 
does vary by date, there is no outlying data set. 
23 
  
Figure 9: Average headspace data for each fill head separated by collection date. Error bars indicate 
standard deviation. 
 
Any variation in headspace for each fill head may be due to the pressure of the fill line, as a                    
lower fill line pressure causes the can to be filled with less cider, therefore increasing headspace                
volume. This hypothesis is reinforced by direct observation and videos of the fill lines. We               
noticed that the cider level created by each fill head varies moderately, with some cans               
overflowing and others not reaching the brim. This could be explained by the different flow               
times assigned to each fill head. Since these times are manually adjusted for each fill head, any                 
instantaneous change in pressure could affect resulting levels of cider produced from each fill              
head. 
 
The pressure of the fill lines are affected by multiple variables. First, the pressure may be                
affected by the location of the brite tank in which the cider was stored. Brite tanks that are closer                   
to the fill lines could have a smaller pressure drop and, therefore, a higher pressure during filling,                 
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causing the cans to be filled more than if the cider was coming from a brite tank that was farther                    
away from the fill line. The pressure of the fill line might also be affected by the level of cider in                     
the brite tank being used. As cider is canned and the level of cider within the tank decreases,                  
nitrogen is used to pressurize the tank in place of the cider. This may cause the pressure in the                   
tank to be more variable as the level of cider decreases, therefore affecting the pressure of the fill                  
line. Lastly, the pressure of the fill line may fluctuate if kegs are being filled, also known as                  
kegging. This additional filling may reduce pressure due to stream splitting, as both the kegs and                
the cans are filled using the same source of cider. 
 
Although it is unknown if kegging was occuring during any of our collections, the brite tank and                 
the level of cider within the tank were recorded on each collection day. At Downeast, Brite Tank                 
1 is the farthest from the fill line and Brite Tank 9 is the closest. On January 18th, the cider was                     
collected from Brite Tank 3 and the level in the tank was low for all collected cans. On January                   
29th, the cider for the first set of cans was collected from Brite Tank 5 and the level in the tank                     
was low; however, only lane 2 was running to help increase the pressure during filling. The cider                 
for the second set of cans was collected from Brite Tank 7 and the level in the tank was high. On                     
February 2nd, the cider was collected from Brite Tank 1 and the cider level was in the middle of                   
the tank.  
 
According to the brite tank and cider level data for each collection day, it was expected that the                  
headspace would be the largest for the January 18th and February 2nd cans, as the cider traveled                 
the longest distances and the tanks had the least consistent pressure, and the smallest for the                
second set of the January 29th cans, as the cider traveled the shortest distance and the tank had                  
the most consistent pressure. However, this trend is not strongly seen in Figure 9. This could be                 
because the distance between brite tanks might not be large enough to create a significant               
difference in pressure drop. In addition, since the flow times are adjusted manually, it is likely                
that the fill heads were set to different flow times on the different collection days which could                 
offset any pressure effects. 
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Figure 10 shows the average TPO for each batch collected, or each set of five cans that were                  
filled simultaneously, separated by collection day. Batches 1 through 11 were collected on             
November 3rd and tested with the initial method, and therefore have not been included any TPO                
data. The lighter shade represents lane 1 and the darker shade represents lane 2. The first set of                  
batches collected on January 29 was only collected from lane 2. 
 
 
Figure 10: Average TPO data for each batch of collected cans separated by collection date. Error bars 
indicate standard deviation. 
 
The figure shows that TPO values for each batch were relatively consistent for the same lane on                 
the same collection day, and were only slightly inconsistent between lanes 1 and 2 on the same                 
collection day. However, the values were more inconsistent between different collection days,            
with the January 18th collection consistently recording higher TPOs than the other three             
collections. 
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Similarly, Figure 11 compares the average headspace volumes for each batch of cans collected.              
The figure contains data from November 3rd, as the headspace data was not skewed by the                
procedural errors that occurred during testing.  
 
 
Figure 11: Average headspace data for each batch of collected cans separated by collection date. Error 
bars indicate standard deviation. 
 
The graph shows that there are inconsistencies in headspace within each fill head for each batch,                
represented by the large error bars. The average headspace for batches from the same lane and                
collection day are relatively consistent with the exception of the batches from lane 1 on               
November 3rd, lane 2 on January 18th, and lane 1 on February 2. This would be expected since                  
the cider pressure through the canning line shouldn’t change drastically between batches from             
the same tank at approximately the same tank level, unless kegging was also occurring, which               
may explain some of the erratic data. 
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It is important to note that batches from January 18th did not have significantly higher headspace                
values than the other collection days, even though they did have higher average TPO values.               
This may suggest that excess oxygen entered the cider from this collection prior to the canning                
process, either in the fermentation process or in the storage process. It could also suggest that the                 
nitrogen feed to the canning line was disrupted or weakened on January 18th when the cans were                 
collected. This would mean that the cans were not purged with nitrogen before cider entered               
them, resulting in the cider coming into contact with air during its filling process and increasing                
the TPO of the cans. It also would mean that the composition of headspace of the can was                  
entirely air, rather than nitrogen, which would further increase TPO. 
 
The difference seen on January 18th is again shown in Figure 12 by the correlation between                
headspace and TPO. The cans collected on January 18th show a strong correlation between              
headspace and TPO, while the cans collected on other days do not. In addition, the TPO values                 
of these cans show a strong sensitivity to headspace. This supports the theory that the nitrogen                
feed on the canning line was disrupted that day, since the composition of headspace in a can                 
would be entirely air and would significantly contribute to the TPO of the can. On the other                 
collection days, where the nitrogen is presumed to be working properly, the headspace would be               
composed mostly of nitrogen and, therefore, would not contribute heavily to the TPO of the can. 
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 Figure 12: Displays the correlation between headspace and TPO for each tested can, separated by 
collection date. 
 
Because the data from January 18th appears to be the result of a disrupted nitrogen feed, it                 
should not be included in the typical TPO data for the canning line. However, it is important to                  
note that 59 cans were collected and tested for the January 18th data set and the resulting data                  
was consistent, showing that the higher TPO values seen within this data set are a possible                
outcome for future batches if a disruption occurs. 
 
4.3. Results Excluding Outlying Data Set 
The following figures contain TPO data exclusively from the January 29th and February 2nd              
data sets, excluding data from January 18th, and are combined into overall results. Since              
headspace volume is not affected by the possible disruption in the nitrogen line, these data are                
not re-evaluated without the January 18th data set. Figure 13 shows the average TPO values from                
the combined data sets for each fill head, which has decreased significantly by removing the data                
from January 18th.  
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Figure 13: Average TPO data for each fill head from collection dates January 29 and February 2, 2018. 
Error bars indicate standard deviation. 
 
The new overall data range from approximately 0.5 ppm to 4.5 ppm instead of 0.5 ppm to 10                  
ppm, and the standard deviation is significantly smaller for each fill head. To further analyze the                
data, we ran unequal sample size, equal variance “Student’s t-tests” in Excel for every pair of fill                 
heads and evaluated which fill heads were significantly different. We used a 95% confidence              
interval to define whether or not a difference was significant. The t-tests showed that fill heads 2                 
and 5 produced TPO values that were significantly higher than a majority of the other fill heads.                 
This is supported by Figure 13, which shows that the standard deviations around fill heads 2 and                 
5 do not overlap the average values of most of the other fill heads. For our full statistical                  
analysis, see Appendix E. While this analysis did produce data that showed significant             
differences between fill heads 6, 9 and 10, these fill heads were not significantly different than a                 
30 
majority of the other fill heads. In addition, the graph shows that the distributions of fill heads 6,                  
9, and 10 overlap many of the other fill heads’ distributions, which does not support any                
significant differences. Therefore, it appears that the only fill heads that are producing             
significantly higher TPO values are fill heads 2 and 5. 
 
The correlation between headspace and TPO is shown in Figure 14, which directly compares              
headspace and TPO for the January 29th and February 2nd data sets. The trendline shown in the                 
figure is almost a flat line with a slope of 0.06, showing that the TPO values have little                  
sensitivity to headspace. In addition, the trendline has an R​2 value of 0.11, which is lower than                 
the 0.32 R​2 value from the trendline in Figure 7 that includes the January 18th data set. This is                   
most likely due to the strong correlation of the large data set of 59 cans on January 18 heavily                   
influencing the trendline in Figure 7. The trendline shown in Figure 14 is a better representation                
of the data expected on a typical packaging day, and shows that headspace does not have a                 
significant effect on TPO. 
 
 
Figure 14: Displays the correlation between TPO and headspace for each tested can from collection 
dates January 29 and February 2, 2018.  
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5. Conclusions and Recommendations 
Based on our analysis, the TPO data that best represents a typical packaging day at Downeast                
was collected on January 29th and February 2nd. The data from January 18th was discluded due                
to its significantly higher TPO values and strong sensitivity to headspace volume. One possible              
explanation for these differences may be a disturbance in the nitrogen line in the canning process                
that occured on January 18th.  
 
The data from January 29th and February 2nd reveals that fill heads 2 and 5 are producing cans                  
with significantly higher TPO values than the rest of the fill heads, as can be seen in Figure 13.                   
Cans from fill heads 2 and 5 had average TPO values of 3.3 ± 0.8 ppm, while cans from the                    
remaining fill heads had average TPO values of 2.2 ± 1.0 ppm. This trend does not appear to be                   
due to the volume of headspace in the cans; according to Figure 14, the TPO values of individual                  
cans are not strongly affected by their headspace volumes. This is represented by a slope of 0.06                 
for the correlation of TPO and headspace volume. In addition, none of the fill heads produce                
significantly high headspace volumes, which can be seen by the overlapping distributions in             
Figure 6. 
 
5.1. Recommendations for Testing Method 
As we developed and implemented the testing method, we found many variables that could              
affect the data. Such variables include:  
1. The brite tank from which the cider is from 
2. The level of cider in the brite tank 
3. The occurrence of kegging 
4. The length of time between collection and testing 
5. The initial dissolved oxygen of the cider 
 
During our testing procedure, variables 1, 2, 3, and 4 were not well regulated, making it difficult                 
to determine if these variables had an effect on our data. If this project were to be repeated, a                   
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more controlled method should be implemented to eliminate the effect of these variables. We              
recommend taking all of the samples from the same brite tank with the same level of cider in the                   
tank when kegging is not occurring. This will ensure that all of the variables affecting pressure                
are consistent. In addition, all samples should be tested as close to collection as possible. By                
reducing the time between filling and testing, there is less time for oxidation reactions to occur                
within the can, allowing for more accurate dissolved oxygen readings. 
 
The best way to regulate variable 5 would be to collect all of the samples from the same batch of                    
cider in the tank. However, depending on sample size, this might make it more difficult to                
regulate the level of the cider in the tank. If Downeast Cider House were able to test the                  
dissolved oxygen in the tank, it could be possible to take samples from different batches of cider                 
as long as they had similar dissolved oxygen readings. 
 
To provide further insight to our data, an additional experiment could be performed to identify               
whether TPO is more affected by oxygen in headspace or in solution. To do this, TPO testing                 
could be done on unshaken cans in addition to the shaken cans. If the TPO values for shaken                  
cans are higher than unshaken cans, there is more oxygen within the headspace than in solution                
that is contributing to TPO. Using this data, we would be able to identify whether it would be                  
more beneficial to put efforts towards reducing oxygen in solution or in the headspace.  
 
To better understand the impact of our results, an acceptable range of TPO values should be                
established to determine the sensitivity of cider quality to TPO. This data would be useful in                
determining if the inconsistencies in our data play a significant role on the quality of cider, or if                  
cider allows for these variations.  
 
5.2. Recommendation for Process Changes 
Based on our results, the most impactful change would be to reduce the amount of oxygen that                 
enters the headspace during canning. While the cans are purged with nitrogen prior to being               
filled, the fill head design allows oxygen to enter the headspace after the can is filled with cider.                  
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Currently, the fill head fills the can from the bottom and is raised out of the can only once the                    
cider has reached its final level. Once the fill head is removed, the cider level drops, allowing its                  
displaced volume to be filled with air. One possibility to reduce the amount of oxygen entering                
the headspace would be to raise the fill heads as the cider levels rise during filling. To make this                   
possible, a control loop could be installed to regulate the flow of cider. A predetermined speed                
could be set for the fill heads to rise during filling in accordance with a desired flow rate of cider.                    
The control loop would adjust the clamps for each fill head’s flow based on the inlet pressure of                  
the cider in order to keep the flow rate constant despite pressure changes. Allowing the fill heads                 
to rise during filling reduces the the amount of air that enters the can due to the displacement of                   
cider, and therefore any headspace in the can would consist of nitrogen and the TPO would be                 
lower. 
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Appendices 
Appendix A: Can Volume Calculation 
Mass of empty can : 12.88 g(m )E  
Mass of can completely filled with water : 385.5 g(m )T  
Room temperature  assumed to be 20 ℃, or 283 K(T )  
 
.99824 ρW = e T
−0.589581− T
326.785−45284.1
= e 293
−0.589581− 293
326.785−45284.1
= 0 gmL  
85.5 2.88 72.62 gmW = mT − mE = 3 − 1 = 3  
73.28 mLV T = ρW
mw = 372.620.99824 = 3  
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Appendix B: Total Package Oxygen Sample Calculation 
Total volume inside can : 373.28 mL(V )T  
Mass of empty can : 12.88 g(m )EC  
Weight of sample can : 365.5 g(m )T  
Temperature of sample can during testing: 9 ℃, or 282 K 
Dissolved oxygen  of sample can: 3.72 mg/L(DO)  
 
.99979 ρS = e T
−0.589581− T
326.785−45284.1
= e 282
−0.589581− 282
326.785−45284.1
= 0 gmL  
65.5 2.88 52.62 gmL = mT − mEC = 3 − 1 = 3  
52.69 mLV L = ρS
mS = 352.620.99979 = 3  
73.28 52.69 0.58 mLV HS = V T − V L = 3 − 3 = 2  
 
2, 87 barH = e T
−3.73106− T
5596.17−1049670
= e 282
−3.73106− 282
5596.17−1049670
= 3 0 × moles of  solute
moles of  solvent  
.0000021 X = DO×μC
μ ×ρ ×1000O2 O2
2 = 3.72×1832×0.00079×10002 = 0
moles of  solute
moles of  solvent  
X 2, 87 .0000021 .0672 bar  P O2 = H = 3 0 × 0 = 0
.000059 molnO2 = RT
P VO2 HS = 0.0831×282 K
0.0672 bar×  L1000
20.58
= 0  
.000059 .8875 mgmO2,HS = 0 × mol
32 g × g
1000 mg = 1  
52.69 mL .3120 mgmO2,L = L
3.72 mg × L1000 mL × 3 = 1  
.8875 .3120 .1995 mgmO2,T = mO2,HS + mO2,L = 1 + 1 = 3  
P O .0717 .0717 ppmT = V L
mO2,T = 352.69 mL
3.1195 mg × L
1000 mL = 9 L
mg = 9  
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Appendix C: Initial Approach TPO Data 
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Appendix D: Raw Data 
Please see attached spreadsheet. 
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Date 
Collected
Date 
Tested Fill Head Batch
Weight of 
Total Can 
(g)
Can 
Volume 
(mL)
Weight of 
Liquid (g)
Liquid 
Volume 
(mL)
Headspace 
Volume 
(mL) Temp (C) Temp (K)
Density 
(g/mL)
Dissolved 
Oxygen at 
Equilibrium 
(ppm or 
mg/L)
O2 in liquid 
at 
Equilibrium 
(mg)
Henry's Law 
Coefficient 
(bar*mol 
solvent/mol 
solute)
Partial 
Pressure 
O2 (bar)
O2 in 
Headspace 
at 
Equilibrium 
(mol)
O2 in 
Headspace 
at 
Equilibrium 
(mg)
O2 in 
Headspace 
at 
Equilibrium 
(mg/L)
Total 
Package 
Oxygen 
(mg)
Total 
Package 
Oxygen 
(mg/L)
Water Water 385.5 386.2 372.6 373.3 20.0 293.0 0.9982
3-Nov 20-Nov 2 1 375.0 362.1 362.2 11.05 10.2 283.2 0.9997 1.4 0.507 32,983 0.026 1.2E-05 0.3903 1.077 0.8974 2.477
3-Nov 20-Nov 3 1 377.0 364.1 364.3 9.022 10.9 283.9 0.9996 2 0.729 33,507 0.038 1.4E-05 0.4615 1.267 1.190 3.267
3-Nov 20-Nov 4 1 373.5 360.6 360.7 12.57 9.4 282.4 0.9998 1.2 0.433 32,386 0.022 1.2E-05 0.3748 1.039 0.8076 2.239
3-Nov 20-Nov 5 1 372.0 359.1 359.2 14.06 9.9 282.9 0.9997 3.59 1.29 32,759 0.066 4.0E-05 1.266 3.525 2.556 7.115
3-Nov 20-Nov 1 2 372.5 359.6 359.8 13.51 11.4 284.4 0.9996 2.12 0.763 33,880 0.040 2.3E-05 0.7392 2.055 1.502 4.175
3-Nov 20-Nov 2 2 375.0 362.1 362.2 11.03 10.7 283.7 0.9997 2.02 0.732 33,357 0.038 1.8E-05 0.5676 1.567 1.299 3.587
3-Nov 20-Nov 3 2 377.0 364.1 364.2 9.049 10.1 283.1 0.9997 1.35 0.492 32,909 0.025 9.6E-06 0.3077 0.8447 0.7994 2.195
3-Nov 20-Nov 4 2 375.5 362.6 362.7 10.56 9.8 282.8 0.9997 1.48 0.537 32,685 0.027 1.2E-05 0.3913 1.079 0.9281 2.559
3-Nov 20-Nov 5 2 370.0 357.1 357.2 16.07 9.6 282.6 0.9997 1.06 0.379 32,535 0.019 1.3E-05 0.4248 1.189 0.8034 2.249
3-Nov 20-Nov 1 3 361.5 348.6 348.7 24.54 10.5 283.5 0.9997 3.75 1.31 33,208 0.070 7.3E-05 2.336 6.698 3.643 10.45
3-Nov 20-Nov 2 3 366.0 353.1 353.2 20.05 10.3 283.3 0.9997 1.4 0.495 33,058 0.026 2.2E-05 0.7096 2.009 1.204 3.409
3-Nov 20-Nov 3 3 364.5 351.6 351.7 21.55 10.2 283.2 0.9997 1.66 0.584 32,983 0.031 2.8E-05 0.9027 2.567 1.487 4.227
3-Nov 20-Nov 4 3 368.5 355.6 355.7 17.56 9.9 282.9 0.9997 1.5 0.534 32,759 0.028 2.1E-05 0.6608 1.858 1.194 3.358
3-Nov 29-Nov 2 4 366.0 353.1 353.2 20.04 10.5 283.5 0.9997 0.967 0.342 33,208 0.018 1.5E-05 0.4918 1.392 0.8334 2.359
3-Nov 29-Nov 3 4 365.0 352.1 352.2 21.07 9.5 282.5 0.9998 1.35 0.475 32,461 0.025 2.2E-05 0.7081 2.011 1.184 3.361
3-Nov 29-Nov 4 4 376.0 363.1 363.2 10.12 6.8 279.8 0.9999 0.56 0.203 30,451 0.010 4.2E-06 0.1337 0.3681 0.3370 0.9281
3-Nov 29-Nov 5 4 360.0 347.1 347.2 26.10 8.5 281.5 0.9998 2.65 0.920 31,715 0.047 5.3E-05 1.688 4.862 2.608 7.512
3-Nov 29-Nov 1 5 364.0 351.1 351.2 22.07 9.6 282.6 0.9997 2.25 0.790 32,535 0.041 3.9E-05 1.238 3.526 2.029 5.776
3-Nov 29-Nov 2 5 368.0 355.1 355.2 18.09 8.7 281.7 0.9998 1.32 0.469 31,864 0.024 1.8E-05 0.5851 1.647 1.054 2.967
3-Nov 29-Nov 3 5 370.0 357.1 357.2 16.06 9.7 282.7 0.9997 1.68 0.600 32,610 0.031 2.1E-05 0.6744 1.888 1.275 3.568
3-Nov 29-Nov 5 5 359.5 346.6 346.7 26.60 8.5 281.5 0.9998 3.29 1.14 31,715 0.059 6.7E-05 2.136 6.160 3.276 9.450
3-Nov 29-Nov 1 6 368.0 355.1 355.2 18.06 9.8 282.8 0.9997 0.96 0.341 32,685 0.018 1.4E-05 0.4342 1.222 0.7752 2.182
3-Nov 29-Nov 2 6 376.0 363.1 363.2 10.10 8.3 281.3 0.9998 1.02 0.370 31,566 0.018 7.8E-06 0.2504 0.6894 0.6208 1.709
3-Nov 29-Nov 3 6 376.0 363.1 363.2 10.12 7.0 280.0 0.9999 1.31 0.476 30,599 0.023 9.8E-06 0.3139 0.8644 0.7896 2.174
3-Nov 29-Nov 4 6 372.5 359.6 359.7 13.61 7.8 280.8 0.9999 1.18 0.424 31,194 0.021 1.2E-05 0.3864 1.074 0.8108 2.254
3-Nov 29-Nov 5 6 372.0 359.1 359.2 14.08 8.9 281.9 0.9998 1.5 0.539 32,013 0.027 1.6E-05 0.5198 1.447 1.059 2.947
3-Nov 6-Dec 6 7 371.0 358.1 358.2 15.04 10.5 283.5 0.9997 0.78 0.279 33,208 0.015 9.3E-06 0.2977 0.8310 0.5771 1.611
3-Nov 6-Dec 7 7 370.0 357.1 357.2 16.07 9.5 282.5 0.9998 0.745 0.266 32,461 0.014 9.3E-06 0.2980 0.8343 0.5641 1.579
3-Nov 6-Dec 8 7 373.0 360.1 360.2 13.10 8.3 281.3 0.9998 0.804 0.290 31,566 0.014 8.0E-06 0.2560 0.7108 0.5456 1.515
3-Nov 6-Dec 9 7 370.5 357.6 357.7 15.62 7.4 280.4 0.9999 0.96 0.343 30,896 0.017 1.1E-05 0.3578 1.000 0.7012 1.960
3-Nov 6-Dec 10 7 370.0 357.1 357.2 16.12 7.2 280.2 0.9999 1.35 0.482 30,748 0.023 1.6E-05 0.5173 1.448 0.9995 2.798
3-Nov 6-Dec 6 8 361.5 348.6 348.7 24.57 9.6 282.6 0.9997 0.55 0.192 32,535 0.010 1.1E-05 0.3370 0.9666 0.5288 1.517
3-Nov 6-Dec 7 8 371.5 358.6 358.7 14.60 8.1 281.1 0.9998 0.715 0.256 31,417 0.013 7.9E-06 0.2528 0.7048 0.5092 1.420
3-Nov 6-Dec 8 8 372.5 359.6 359.7 13.61 7.5 280.5 0.9999 1.27 0.457 30,971 0.022 1.3E-05 0.4135 1.150 0.8703 2.420
3-Nov 6-Dec 9 8 370.0 357.1 357.2 16.12 7.4 280.4 0.9999 1.31 0.468 30,896 0.023 1.6E-05 0.5039 1.411 0.9718 2.721
3-Nov 6-Dec 10 8 369.0 356.1 356.2 17.12 7.3 280.3 0.9999 0.78 0.278 30,822 0.014 9.9E-06 0.3180 0.8930 0.5959 1.673
3-Nov 6-Dec 6 9 372.0 359.1 359.2 14.05 10.1 283.1 0.9997 0.89 0.320 32,909 0.016 9.8E-06 0.3150 0.8768 0.6347 1.767
3-Nov 6-Dec 7 9 371.0 358.1 358.2 15.07 9.3 282.3 0.9998 0.715 0.256 32,311 0.013 8.4E-06 0.2673 0.7461 0.5234 1.461
3-Nov 6-Dec 8 9 374.0 361.1 361.2 12.09 8.5 281.5 0.9998 1.39 0.502 31,715 0.025 1.3E-05 0.4103 1.136 0.9123 2.526
3-Nov 6-Dec 9 9 368.5 355.6 355.7 17.61 7.8 280.8 0.9999 1.16 0.413 31,194 0.020 1.5E-05 0.4916 1.382 0.9041 2.542
3-Nov 6-Dec 10 9 371.0 358.1 358.2 15.11 7.8 280.8 0.9999 1.34 0.480 31,194 0.024 1.5E-05 0.4872 1.360 0.9672 2.700
3-Nov 6-Dec 6 10 373.0 360.1 360.2 13.08 9.1 282.1 0.9998 0.845 0.304 32,162 0.015 8.5E-06 0.2730 0.7578 0.5773 1.603
3-Nov 6-Dec 7 10 371.5 358.6 358.7 14.58 9.1 282.1 0.9998 0.855 0.307 32,162 0.015 9.6E-06 0.3079 0.8584 0.6146 1.713
3-Nov 6-Dec 8 10 373.5 360.6 360.7 12.58 9.2 282.2 0.9998 1.55 0.559 32,237 0.028 1.5E-05 0.4824 1.337 1.042 2.887
3-Nov 6-Dec 9 10 369.0 356.1 356.2 17.09 8.8 281.8 0.9998 1.02 0.363 31,938 0.018 1.3E-05 0.4279 1.201 0.7913 2.221
3-Nov 6-Dec 10 10 364.0 351.1 351.2 22.11 7.8 280.8 0.9999 0.191 0.067 31,194 0.003 3.2E-06 0.1016 0.2894 0.1687 0.4804
3-Nov 6-Dec 6 11 371.5 358.6 358.7 14.57 9.6 282.6 0.9997 0.885 0.317 32,535 0.016 1.0E-05 0.3215 0.8964 0.6390 1.781
3-Nov 6-Dec 7 11 371.0 358.1 358.2 15.08 9.2 282.2 0.9998 0.777 0.278 32,237 0.014 9.1E-06 0.2899 0.8094 0.5682 1.586
3-Nov 6-Dec 8 11 373.5 360.6 360.7 12.58 8.9 281.9 0.9998 1.22 0.440 32,013 0.022 1.2E-05 0.3777 1.047 0.8177 2.267
3-Nov 6-Dec 9 11 367.5 354.6 354.7 18.57 9.6 282.6 0.9997 0.707 0.251 32,535 0.013 1.0E-05 0.3274 0.9231 0.5782 1.630
3-Nov 6-Dec 10 11 369.0 356.1 356.2 17.10 8.2 281.2 0.9998 1.19 0.424 31,491 0.021 1.5E-05 0.4937 1.386 0.9176 2.576
18-Jan 18-Jan 1 12 365.5 352.6 352.7 20.58 9.0 282.0 0.9998 3.72 1.31 32,088 0.067 5.9E-05 1.888 5.352 3.200 9.072
18-Jan 18-Jan 2 12 365.0 352.1 352.2 21.08 9.0 282.0 0.9998 3.9 1.37 32,088 0.070 6.3E-05 2.027 5.755 3.400 9.655
18-Jan 18-Jan 3 12 370.5 357.6 357.7 15.60 8.2 281.2 0.9998 3.8 1.36 31,491 0.067 4.5E-05 1.438 4.021 2.797 7.821
18-Jan 18-Jan 5 12 367.5 354.6 354.7 18.60 8.4 281.4 0.9998 3.56 1.26 31,640 0.063 5.0E-05 1.613 4.547 2.875 8.107
18-Jan 18-Jan 1 13 367.5 354.6 354.7 18.60 8.2 281.2 0.9998 3.65 1.29 31,491 0.065 5.1E-05 1.647 4.644 2.942 8.294
18-Jan 18-Jan 2 13 366.0 353.1 353.2 20.10 8.3 281.3 0.9998 3.7 1.31 31,566 0.066 5.6E-05 1.808 5.119 3.115 8.819
18-Jan 18-Jan 3 13 370.5 357.6 357.7 15.59 8.5 281.5 0.9998 3.2 1.14 31,715 0.057 3.8E-05 1.218 3.405 2.363 6.605
18-Jan 18-Jan 4 13 366.0 353.1 353.2 20.09 8.6 281.6 0.9998 3.83 1.35 31,789 0.068 5.9E-05 1.882 5.329 3.235 9.159
18-Jan 18-Jan 5 13 370.0 357.1 357.2 16.10 8.1 281.1 0.9998 3.43 1.23 31,417 0.061 4.2E-05 1.337 3.744 2.562 7.174
18-Jan 18-Jan 1 14 370.0 357.1 357.2 16.10 8.2 281.2 0.9998 3.41 1.22 31,491 0.060 4.2E-05 1.332 3.729 2.550 7.139
18-Jan 18-Jan 2 14 366.5 353.6 353.7 19.61 7.7 280.7 0.9999 3.87 1.37 31,119 0.068 5.7E-05 1.823 5.154 3.191 9.024
18-Jan 18-Jan 3 14 368.5 355.6 355.7 17.60 8.3 281.3 0.9998 3.92 1.39 31,566 0.070 5.2E-05 1.677 4.715 3.071 8.635
18-Jan 18-Jan 4 14 365.5 352.6 352.7 20.61 8.0 281.0 0.9999 3.41 1.20 31,343 0.060 5.3E-05 1.698 4.814 2.900 8.224
18-Jan 18-Jan 5 14 370.5 357.6 357.7 15.61 7.8 280.8 0.9999 3.47 1.24 31,194 0.061 4.1E-05 1.303 3.644 2.545 7.114
18-Jan 22-Jan 1 15 364.5 351.6 351.7 21.54 10.5 283.5 0.9997 3.46 1.22 33,208 0.065 5.9E-05 1.892 5.378 3.109 8.838
18-Jan 22-Jan 2 15 366.5 353.6 353.7 19.53 10.7 283.7 0.9997 3.32 1.17 33,357 0.062 5.2E-05 1.652 4.671 2.827 7.991
18-Jan 22-Jan 3 15 368.5 355.6 355.8 17.51 11.2 284.2 0.9996 3.22 1.15 33,731 0.061 4.5E-05 1.450 4.077 2.596 7.297
18-Jan 22-Jan 4 15 363.5 350.6 350.7 22.54 10.6 283.6 0.9997 3.55 1.25 33,282 0.066 6.4E-05 2.034 5.801 3.280 9.351
18-Jan 22-Jan 5 15 371.5 358.6 358.7 14.53 10.8 283.8 0.9996 2.54 0.911 33,432 0.048 2.9E-05 0.9419 2.626 1.853 5.166
18-Jan 22-Jan 1 16 365.5 352.6 352.8 20.51 11.4 284.4 0.9996 3.6 1.27 33,880 0.069 6.0E-05 1.906 5.403 3.176 9.003
18-Jan 22-Jan 2 16 367.5 354.6 354.7 18.56 9.9 282.9 0.9997 3.51 1.25 32,759 0.065 5.1E-05 1.634 4.607 2.879 8.117
18-Jan 22-Jan 3 16 368.5 355.6 355.7 17.56 9.7 282.7 0.9997 4.01 1.43 32,610 0.074 5.5E-05 1.760 4.948 3.187 8.958
18-Jan 22-Jan 4 16 364.0 351.1 351.2 22.04 10.4 283.4 0.9997 3.99 1.40 33,133 0.074 7.0E-05 2.228 6.343 3.629 10.33
18-Jan 22-Jan 5 16 364.5 351.6 351.8 21.47 12.4 285.4 0.9995 3.76 1.32 34,628 0.073 6.6E-05 2.123 6.034 3.446 9.794
18-Jan 22-Jan 1 17 363.0 350.1 350.3 22.97 12.4 285.4 0.9995 3.84 1.35 34,628 0.075 7.2E-05 2.320 6.622 3.665 10.46
18-Jan 22-Jan 2 17 366.5 353.6 353.8 19.47 12.5 285.5 0.9995 3.47 1.23 34,703 0.068 5.6E-05 1.779 5.029 3.007 8.499
18-Jan 22-Jan 3 17 370.5 357.6 357.8 15.50 11.5 284.5 0.9996 3.39 1.21 33,955 0.065 4.2E-05 1.359 3.799 2.572 7.189
18-Jan 22-Jan 4 17 361.5 348.6 348.8 24.49 11.9 284.9 0.9995 4.03 1.41 34,254 0.078 8.0E-05 2.572 7.374 3.977 11.40
18-Jan 22-Jan 5 17 369.0 356.1 356.3 17.00 11.7 284.7 0.9996 3.37 1.20 34,105 0.065 4.6E-05 1.487 4.173 2.688 7.543
18-Jan 22-Jan 6 18 365.0 352.1 352.3 20.96 12.6 285.6 0.9995 3.94 1.39 34,778 0.077 6.8E-05 2.180 6.187 3.568 10.13
18-Jan 22-Jan 7 18 368.0 355.1 355.3 17.96 12.6 285.6 0.9995 3.65 1.30 34,778 0.071 5.4E-05 1.730 4.869 3.027 8.519
18-Jan 22-Jan 8 18 362.0 349.1 349.3 23.99 11.9 284.9 0.9995 3.77 1.32 34,254 0.073 7.4E-05 2.357 6.747 3.674 10.52
18-Jan 22-Jan 9 18 362.0 349.1 349.3 23.99 11.9 284.9 0.9995 3.64 1.27 34,254 0.070 7.1E-05 2.275 6.515 3.547 10.15
18-Jan 22-Jan 10 18 365.5 352.6 352.8 20.52 11.0 284.0 0.9996 1.5 0.529 33,581 0.028 2.5E-05 0.7888 2.236 1.318 3.736
18-Jan 22-Jan 6 19 373.0 360.1 360.3 13.01 11.3 284.3 0.9996 1.63 0.587 33,806 0.031 1.7E-05 0.546 1.517 1.134 3.147
18-Jan 22-Jan 7 19 369.0 356.1 356.3 17.01 11.3 284.3 0.9996 3.37 1.20 33,806 0.064 4.6E-05 1.477 4.146 2.678 7.516
18-Jan 22-Jan 8 19 373.5 360.6 360.8 12.49 11.7 284.7 0.9996 2.54 0.916 34,105 0.049 2.6E-05 0.8238 2.283 1.740 4.823
18-Jan 22-Jan 9 19 373.0 360.1 360.3 12.98 12.1 285.1 0.9995 2.76 0.994 34,404 0.053 2.9E-05 0.9368 2.600 1.931 5.360
18-Jan 22-Jan 10 19 367.5 354.6 354.8 18.45 12.8 285.8 0.9994 3.19 1.13 34,928 0.063 4.9E-05 1.559 4.394 2.691 7.584
18-Jan 22-Jan 6 20 373.5 360.6 360.8 12.48 12.0 285.0 0.9995 2.85 1.03 34,329 0.055 2.9E-05 0.929 2.574 1.957 5.424
18-Jan 22-Jan 7 20 367.0 354.1 354.3 18.98 12.2 285.2 0.9995 3.41 1.21 34,479 0.066 5.3E-05 1.695 4.785 2.904 8.195
18-Jan 22-Jan 8 20 374.5 361.6 361.8 11.49 11.7 284.7 0.9996 2.99 1.08 34,105 0.057 2.8E-05 0.8921 2.466 1.974 5.456
18-Jan 22-Jan 9 20 371.0 358.1 358.3 14.96 12.6 285.6 0.9995 1.46 0.523 34,778 0.029 1.8E-05 0.5764 1.609 1.100 3.069
18-Jan 22-Jan 10 20 368.5 355.6 355.8 17.46 12.6 285.6 0.9995 2.99 1.06 34,778 0.059 4.3E-05 1.378 3.872 2.442 6.862
18-Jan 29-Jan 6 21 373.0 360.1 360.2 13.06 9.9 282.9 0.9997 3.03 1.09 32,759 0.056 3.1E-05 0.9925 2.755 2.084 5.785
18-Jan 29-Jan 7 21 368.5 355.6 355.7 17.55 10.0 283.0 0.9997 3.36 1.20 32,834 0.062 4.6E-05 1.483 4.168 2.678 7.528
18-Jan 29-Jan 8 21 373.5 360.6 360.7 12.57 9.3 282.3 0.9998 2.97 1.07 32,311 0.054 2.9E-05 0.9260 2.567 1.997 5.537
18-Jan 29-Jan 9 21 371.0 358.1 358.2 15.05 10.1 283.1 0.9997 2.77 0.992 32,909 0.051 3.3E-05 1.050 2.931 2.042 5.701
18-Jan 29-Jan 10 21 367.0 354.1 354.2 19.05 10.0 283.0 0.9997 3.18 1.13 32,834 0.059 4.8E-05 1.523 4.300 2.650 7.480
18-Jan 29-Jan 6 22 373.0 360.1 360.2 13.04 10.4 283.4 0.9997 1.34 0.483 33,133 0.025 1.4E-05 0.4427 1.229 0.9254 2.569
18-Jan 29-Jan 7 22 367.5 354.6 354.7 18.53 10.8 283.8 0.9996 3.47 1.23 33,432 0.065 5.1E-05 1.641 4.626 2.872 8.096
18-Jan 29-Jan 8 22 374.5 361.6 361.7 11.55 10.1 283.1 0.9997 2.78 1.01 32,909 0.051 2.5E-05 0.8087 2.236 1.814 5.016
18-Jan 29-Jan 9 22 373.5 360.6 360.7 12.56 9.7 282.7 0.9997 2.25 0.812 32,610 0.041 2.2E-05 0.7064 1.958 1.518 4.208
18-Jan 29-Jan 10 22 368.0 355.1 355.3 18.00 11.7 284.7 0.9996 2.84 1.01 34,105 0.055 4.1E-05 1.327 3.735 2.336 6.575
18-Jan 29-Jan 6 23 372.0 359.1 359.3 13.99 11.7 284.7 0.9996 3.02 1.09 34,105 0.058 3.4E-05 1.097 3.054 2.182 6.074
18-Jan 29-Jan 7 23 367.5 354.6 354.8 18.50 11.5 284.5 0.9996 3.54 1.26 33,955 0.068 5.3E-05 1.694 4.775 2.950 8.315
18-Jan 29-Jan 8 23 374.5 361.6 361.7 11.55 10.2 283.2 0.9997 2.92 1.06 32,983 0.054 2.7E-05 0.8508 2.352 1.907 5.272
18-Jan 29-Jan 9 23 372.0 359.1 359.3 14.01 11.2 284.2 0.9996 2.52 0.905 33,731 0.048 2.8E-05 0.9082 2.528 1.814 5.048
18-Jan 29-Jan 10 23 367.5 354.6 354.7 18.55 10.0 283.0 0.9997 2.91 1.03 32,834 0.054 4.2E-05 1.357 3.826 2.390 6.736
29-Jan 29-Jan 6 24 378.0 365.1 365.2 8.052 10.0 283.0 0.9997 1.27 0.464 32,834 0.023 8.0E-06 0.2571 0.7038 0.7209 1.974
29-Jan 29-Jan 7 24 378.5 365.6 365.7 7.572 9.3 282.3 0.9998 1.6 0.585 32,311 0.029 9.4E-06 0.3004 0.8215 0.8856 2.422
29-Jan 29-Jan 8 24 374.5 361.6 361.7 11.55 10.2 283.2 0.9997 1.59 0.575 32,983 0.030 1.4E-05 0.4633 1.281 1.038 2.871
29-Jan 29-Jan 9 24 374.0 361.1 361.2 12.06 9.8 282.8 0.9997 1.42 0.513 32,685 0.026 1.3E-05 0.4288 1.187 0.9417 2.607
29-Jan 29-Jan 10 24 376.0 363.1 363.2 10.08 9.0 282.0 0.9998 1.38 0.501 32,088 0.025 1.1E-05 0.3429 0.9442 0.8441 2.324
29-Jan 29-Jan 6 25 377.0 364.1 364.2 9.092 8.5 281.5 0.9998 1.21 0.441 31,715 0.022 8.4E-06 0.2685 0.7374 0.7092 1.947
29-Jan 29-Jan 7 25 377.0 364.1 364.2 9.097 8.3 281.3 0.9998 1.61 0.586 31,566 0.029 1.1E-05 0.3561 0.9777 0.9424 2.588
29-Jan 29-Jan 8 25 374.5 361.6 361.7 11.58 9.0 282.0 0.9998 1.56 0.564 32,088 0.028 1.4E-05 0.4454 1.231 1.010 2.791
29-Jan 29-Jan 9 25 374.5 361.6 361.7 11.59 8.7 281.7 0.9998 1.09 0.394 31,864 0.020 9.7E-06 0.3095 0.8558 0.7038 1.946
29-Jan 29-Jan 10 25 376.5 363.6 363.7 9.567 9.5 282.5 0.9998 1.34 0.487 32,461 0.024 1.0E-05 0.3191 0.8775 0.8065 2.217
29-Jan 29-Jan 6 26 376.5 363.6 363.7 9.578 9.1 282.1 0.9998 1.51 0.549 32,162 0.027 1.1E-05 0.3572 0.9822 0.9064 2.492
29-Jan 29-Jan 8 26 376.0 363.1 363.2 10.06 9.7 282.7 0.9997 1.45 0.527 32,610 0.027 1.1E-05 0.3646 1.004 0.8913 2.454
29-Jan 29-Jan 9 26 373.0 360.1 360.2 13.09 8.8 281.8 0.9998 1.23 0.443 31,938 0.022 1.2E-05 0.3952 1.097 0.8383 2.327
29-Jan 29-Jan 10 26 376.0 363.1 363.2 10.09 8.6 281.6 0.9998 1.44 0.523 31,789 0.026 1.1E-05 0.3554 0.9784 0.8783 2.418
29-Jan 2-Feb 1 27 372.0 359.1 359.1 14.13 6.5 279.5 0.9999 1.32 0.474 30,229 0.022 1.4E-05 0.4369 1.217 0.9110 2.537
29-Jan 2-Feb 2 27 361.5 348.6 348.7 24.60 8.3 281.3 0.9998 1.2 0.418 31,566 0.021 2.2E-05 0.7176 2.058 1.136 3.258
29-Jan 2-Feb 3 27 376.0 363.1 363.2 10.09 8.8 281.8 0.9998 1.09 0.396 31,938 0.020 8.4E-06 0.2699 0.7432 0.6658 1.833
29-Jan 2-Feb 4 27 374.0 361.1 361.2 12.11 7.7 280.7 0.9999 0.267 0.096 31,119 0.005 2.4E-06 0.0777 0.2150 0.1741 0.4820
29-Jan 2-Feb 5 27 378.5 365.6 365.7 7.587 8.7 281.7 0.9998 1.55 0.567 31,864 0.028 9.0E-06 0.2882 0.7881 0.8550 2.338
29-Jan 2-Feb 1 28 373.0 360.1 360.2 13.09 8.6 281.6 0.9998 0.848 0.305 31,789 0.015 8.5E-06 0.2715 0.7538 0.5769 1.602
29-Jan 2-Feb 2 28 361.5 348.6 348.7 24.60 8.3 281.3 0.9998 1.23 0.429 31,566 0.022 2.3E-05 0.7356 2.110 1.164 3.340
29-Jan 2-Feb 3 28 375.5 362.6 362.7 10.62 6.8 279.8 0.9999 0.968 0.351 30,451 0.017 7.6E-06 0.2425 0.6686 0.5935 1.637
29-Jan 2-Feb 4 28 378.5 365.6 365.7 7.618 7.2 280.2 0.9999 1.25 0.457 30,748 0.022 7.1E-06 0.2264 0.6191 0.6834 1.869
29-Jan 2-Feb 5 28 375.0 362.1 362.2 11.12 7.0 280.0 0.9999 2.23 0.808 30,599 0.038 1.8E-05 0.5871 1.621 1.395 3.851
29-Jan 2-Feb 1 29 376.0 363.1 363.2 10.13 6.7 279.7 0.9999 1.3 0.472 30,377 0.022 9.7E-06 0.3097 0.8528 0.7818 2.153
29-Jan 2-Feb 2 29 366.0 353.1 353.2 20.11 7.9 280.9 0.9999 1.23 0.434 31,268 0.022 1.9E-05 0.5964 1.689 1.031 2.919
29-Jan 2-Feb 3 29 377.5 364.6 364.7 8.599 8.2 281.2 0.9998 1.15 0.419 31,491 0.020 7.5E-06 0.2399 0.6579 0.6593 1.808
29-Jan 2-Feb 4 29 378.0 365.1 365.2 8.088 8.7 281.7 0.9998 0.645 0.236 31,864 0.012 4.0E-06 0.1278 0.3500 0.3634 0.9950
29-Jan 2-Feb 5 29 373.5 360.6 360.7 12.56 9.7 282.7 0.9997 2.68 0.967 32,610 0.049 2.6E-05 0.8414 2.333 1.808 5.013
29-Jan 2-Feb 6 30 375.0 362.1 362.2 11.06 9.9 282.9 0.9997 0.831 0.301 32,759 0.015 7.2E-06 0.2305 0.6364 0.5315 1.467
29-Jan 2-Feb 7 30 370.5 357.6 357.7 15.57 9.5 282.5 0.9998 0.193 0.069 32,461 0.004 2.3E-06 0.0748 0.2091 0.1438 0.4021
29-Jan 2-Feb 8 30 379.0 366.1 366.2 7.085 8.8 281.8 0.9998 0.323 0.118 31,938 0.006 1.8E-06 0.0562 0.1534 0.1745 0.4764
29-Jan 2-Feb 9 30 380.0 367.1 367.2 6.054 9.9 282.9 0.9997 1.22 0.448 32,759 0.022 5.8E-06 0.1853 0.5046 0.6333 1.725
29-Jan 2-Feb 10 30 377.5 364.6 364.7 8.549 10.1 283.1 0.9997 1.72 0.627 32,909 0.032 1.2E-05 0.3703 1.015 0.9977 2.735
29-Jan 2-Feb 6 31 374.0 361.1 361.2 12.08 8.9 281.9 0.9998 0.323 0.117 32,013 0.006 3.0E-06 0.0960 0.2659 0.2127 0.5889
29-Jan 2-Feb 7 31 370.5 357.6 357.7 15.56 9.9 282.9 0.9997 0.318 0.114 32,759 0.006 3.9E-06 0.1241 0.3470 0.2379 0.6650
29-Jan 2-Feb 8 31 378.0 365.1 365.2 8.075 9.2 282.2 0.9998 0.516 0.188 32,237 0.009 3.2E-06 0.1031 0.2824 0.2916 0.7984
29-Jan 2-Feb 9 31 377.0 364.1 364.2 9.075 9.2 282.2 0.9998 1.23 0.448 32,237 0.022 8.6E-06 0.2763 0.7585 0.7242 1.989
29-Jan 2-Feb 10 31 379.0 366.1 366.2 7.092 8.5 281.5 0.9998 1.77 0.648 31,715 0.032 9.6E-06 0.3064 0.8367 0.9545 2.607
29-Jan 2-Feb 6 32 371.5 358.6 358.7 14.53 10.6 283.6 0.9997 0.314 0.113 33,282 0.006 3.6E-06 0.1161 0.3235 0.2287 0.6375
29-Jan 2-Feb 7 32 372.5 359.6 359.7 13.56 9.9 282.9 0.9997 0.276 0.099 32,759 0.005 2.9E-06 0.0939 0.2610 0.1932 0.5370
29-Jan 2-Feb 8 32 377.0 364.1 364.2 9.061 9.7 282.7 0.9997 1.14 0.415 32,610 0.021 8.1E-06 0.2582 0.7088 0.6734 1.849
29-Jan 2-Feb 9 32 381.0 368.1 368.2 5.077 9.1 282.1 0.9998 1.01 0.372 32,162 0.018 4.0E-06 0.1267 0.3440 0.4985 1.354
29-Jan 2-Feb 10 32 379.5 366.6 366.7 6.554 9.9 282.9 0.9997 1.55 0.568 32,759 0.029 8.0E-06 0.2549 0.6951 0.8233 2.245
2-Feb 12-Feb 1 33 368.0 355.1 355.3 17.97 12.3 285.3 0.9995 1.55 0.551 34,554 0.030 2.3E-05 0.7312 2.058 1.282 3.608
2-Feb 12-Feb 2 33 366.0 353.1 353.2 20.04 10.6 283.6 0.9997 1.77 0.625 33,282 0.033 2.8E-05 0.9018 2.553 1.527 4.323
2-Feb 12-Feb 3 33 372.5 359.6 359.8 13.52 11.0 284.0 0.9996 1.59 0.572 33,581 0.030 1.7E-05 0.5508 1.531 1.123 3.121
2-Feb 12-Feb 4 33 370.5 357.6 357.8 15.50 11.6 284.6 0.9996 1.49 0.533 34,030 0.029 1.9E-05 0.5984 1.673 1.131 3.163
2-Feb 12-Feb 5 33 364.0 351.1 351.3 22.02 11.2 284.2 0.9996 1.36 0.478 33,731 0.026 2.4E-05 0.7701 2.192 1.248 3.552
2-Feb 12-Feb 1 34 378.0 365.1 365.2 8.052 10.0 283.0 0.9997 1.4 0.511 32,834 0.026 8.9E-06 0.2834 0.7759 0.7947 2.176
2-Feb 12-Feb 2 34 374.5 361.6 361.7 11.55 10.1 283.1 0.9997 1.37 0.496 32,909 0.025 1.2E-05 0.3985 1.102 0.8941 2.472
2-Feb 12-Feb 3 34 379.0 366.1 366.2 7.055 9.9 282.9 0.9997 1.14 0.417 32,759 0.021 6.3E-06 0.2018 0.5510 0.6193 1.691
2-Feb 12-Feb 4 34 377.5 364.6 364.7 8.549 10.1 283.1 0.9997 0.53 0.193 32,909 0.010 3.6E-06 0.1141 0.3129 0.3074 0.8429
2-Feb 12-Feb 5 34 371.5 358.6 358.7 14.56 9.9 282.9 0.9997 1.31 0.470 32,759 0.024 1.5E-05 0.4784 1.334 0.9484 2.644
2-Feb 12-Feb 1 35 379.5 366.6 366.7 6.535 10.5 283.5 0.9997 1.59 0.583 33,208 0.030 8.2E-06 0.2637 0.7191 0.8468 2.309
2-Feb 12-Feb 2 35 375.5 362.6 362.7 10.56 9.8 282.8 0.9997 1.87 0.678 32,685 0.034 1.5E-05 0.4944 1.363 1.173 3.233
2-Feb 12-Feb 3 35 378.5 365.6 365.7 7.542 10.3 283.3 0.9997 1.56 0.571 33,058 0.029 9.3E-06 0.2975 0.8134 0.8680 2.373
2-Feb 12-Feb 4 35 380.5 367.6 367.7 5.538 10.4 283.4 0.9997 2.19 0.805 33,133 0.041 9.6E-06 0.3072 0.8355 1.113 3.025
2-Feb 12-Feb 5 35 374.5 361.6 361.7 11.54 10.3 283.3 0.9997 1.75 0.633 33,058 0.033 1.6E-05 0.5107 1.412 1.144 3.162
2-Feb 12-Feb 6 36 365.0 352.1 352.2 21.04 10.5 283.5 0.9997 1.09 0.384 33,208 0.020 1.8E-05 0.5821 1.652 0.9660 2.742
2-Feb 12-Feb 7 36 366.0 353.1 353.2 20.05 10.3 283.3 0.9997 1.11 0.392 33,058 0.021 1.8E-05 0.5626 1.593 0.9547 2.703
2-Feb 12-Feb 8 36 367.5 354.6 354.7 18.54 10.5 283.5 0.9997 2.24 0.795 33,208 0.042 3.3E-05 1.054 2.971 1.849 5.211
2-Feb 12-Feb 9 36 366.5 353.6 353.8 19.51 11.4 284.4 0.9996 0.901 0.319 33,880 0.017 1.4E-05 0.4538 1.283 0.7725 2.184
2-Feb 12-Feb 10 36 366.5 353.6 353.7 19.53 10.8 283.8 0.9996 1.95 0.690 33,432 0.037 3.0E-05 0.9721 2.748 1.662 4.698
2-Feb 12-Feb 6 37 359.0 346.1 346.3 27.02 11.2 284.2 0.9996 0.944 0.327 33,731 0.018 2.0E-05 0.6560 1.894 0.9828 2.838
2-Feb 12-Feb 7 37 366.5 353.6 353.8 19.52 11.2 284.2 0.9996 1.06 0.375 33,731 0.020 1.7E-05 0.5320 1.504 0.9070 2.564
2-Feb 12-Feb 8 37 368.5 355.6 355.7 17.54 10.4 283.4 0.9997 1.16 0.413 33,133 0.022 1.6E-05 0.5155 1.449 0.9281 2.609
2-Feb 12-Feb 9 37 364.5 351.6 351.7 21.54 10.5 283.5 0.9997 0.82 0.288 33,208 0.015 1.4E-05 0.4483 1.275 0.7367 2.095
2-Feb 12-Feb 10 37 366.0 353.1 353.2 20.03 10.7 283.7 0.9997 0.866 0.306 33,357 0.016 1.4E-05 0.4420 1.251 0.7479 2.117
2-Feb 12-Feb 6 38 354.5 341.6 341.7 31.53 10.9 283.9 0.9996 0.237 0.081 33,507 0.004 6.0E-06 0.1911 0.5592 0.2721 0.7962
2-Feb 12-Feb 7 38 365.0 352.1 352.2 21.04 10.6 283.6 0.9997 1.25 0.440 33,282 0.023 2.1E-05 0.6687 1.898 1.109 3.148
2-Feb 12-Feb 8 38 366.0 353.1 353.2 20.04 10.6 283.6 0.9997 1.46 0.516 33,282 0.027 2.3E-05 0.7439 2.106 1.260 3.566
2-Feb 12-Feb 9 38 366.0 353.1 353.2 20.05 10.2 283.2 0.9997 1.11 0.392 32,983 0.021 1.8E-05 0.5616 1.590 0.9537 2.700
2-Feb 12-Feb 10 38 361.5 348.6 348.7 24.55 10.2 283.2 0.9997 1.61 0.561 32,983 0.030 3.1E-05 0.9974 2.860 1.559 4.470
Appendix E: Student’s T-Test Analyses 
 
Fill Heads p-value 
1 v. 2 0.0425 
1 v. 3 0.3947 
1 v. 4 0.2475 
1 v. 5 0.0561 
2 v. 6 0.1386 
1 v. 7 0.3406 
1 v. 8 0.8552 
1 v. 9 0.3104 
1 v. 10 0.3274 
 
 
Fill Heads p-value 
4 v. 1 0.2475 
4 v. 2 0.0167 
4 v. 3 0.5232 
4 v. 5 0.0196 
4 v. 6 0.9866 
4 v. 7 0.8131 
4 v. 8 0.2811 
4 v. 9 0.3843 
4 v. 10 0.0612 
 
 
 
Fill Heads p-value 
2 v. 1 0.0425 
2 v. 3 0.0063 
2 v. 4 0.0167 
2 v. 5 0.7227 
2 v. 6 0.0029 
2 v. 7 0.0200 
2 v. 8 0.2522 
2 v. 9 0.0008 
2 v. 10 0.4118 
 
 
Fill Heads p-value 
5 v. 1 0.0561 
5 v. 2 0.7227 
5 v. 3 0.0143 
5 v. 4 0.0196 
5 v. 6 0.0037 
5 v. 7 0.0195 
5 v. 8 0.1933 
5 v. 9 0.0027 
5 v. 10 0.3004 
  
 
Fill Heads p-value 
3 .v 1 0.3947 
3 v. 2 0.0063 
3 v. 4 0.5232 
3 v. 5 0.0143 
3 v. 6 0.4048 
3 v. 7 0.7032 
3 v. 8 0.4912 
3 v. 9 0.9217 
3 v. 10 0.1023 
 
 
Fill Heads p-value 
6 v. 1 0.1386 
6 v. 2 0.0029 
6 v. 3 0.4048 
6 v. 4 0.9866 
6 v. 5 0.0037 
6 v. 7 0.7525 
6 v. 8 0.1751 
6 v. 9 0.2620 
6 v. 10 0.0200 
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 Fill Heads p-value 
7 v. 1 0.0200 
7 v. 2 0.0200 
7 v. 3 0.7032 
7 v. 4 0.8131 
7 v. 5 0.0195 
7 v. 6 0.7525 
7 v. 8 0.3285 
7 v. 9 0.5879 
7 v. 10 0.0736 
 
 
Fill Heads p-value 
10 v. 1 0.3274 
10 v. 2 0.4118 
10 v. 3 0.1023 
10 v. 4 0.0612 
10 v. 5 0.3004 
10 v. 6 0.0200 
10 v. 7 0.0736 
10 v. 8 0.9500 
10 v. 9 0.0484 
 
  
 
Fill Heads p-value 
8 v. 1 0.8552 
8 v. 2 0.2522 
8 v. 3 0.4912 
8 v. 4 0.2811 
8 v. 5 0.1933 
8 v. 6 0.1751 
8 v. 7 0.3285 
8 v. 9 0.4172 
8 v. 10 0.9500 
 
  
 
Fill Heads p-value 
9 v. 1 0.3104 
9 v. 2 0.0008 
9 v. 3 0.9217 
9 v. 4 0.3843 
9 v. 5 0.0027 
9 v. 6 0.2620 
9 v. 7 0.5879 
9 v. 8 0.4172 
9 v. 10 0.0484 
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